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Abstract 
Owners of domestic horses (Equus caballus) invest countless time and money in caring 
for and training their horses to be primed for various tasks. There is a debate in equid 
communities as to whether Traditional Horsemanship (TH) or Natural Horsemanship (NH) is a 
more effective training technique, and which of the positive reinforcement methods used in each 
technique is more efficient. Previous studies have examined these techniques under the lens of 
training a horse to complete a novel task. The current study compared the physiological response 
of 15 subjects across TH and NH reward conditions to determine a preferred method of reward, 
using heart rate, latency to resting heart rate, and behavioral stress indicators as measures of 
preference. It was thought that NH methods of reward would be the preferred method by the 
subjects. Our results support the hypothesis that horses showed a higher stress index during the 
TH condition, F(1.7,23.806) = 27.838, p < 0.001. While the analysis of latency to resting heart 
rate did not indicate a significant effect, χ2(2) = 3.792, p = 0.150, there was a trend in the 
direction of the hypothesis that the TH condition resulted in longer times to achieve latency to 
RHR. These data provide crucial insight into the calming effects of NH reward methods and the 
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Reward Preferences in Domestic Horses (Equus caballus) 
Humans have a long history with the domestication and utilization of horses (Equus caballus). 
Over thousands of years, horses have become one of the most common companion animals to 
humans. According to a 2005 report by the American Horse Council Foundation, there are 
approximately 9.2 million horses in the United States alone.  Nearly 5.2 million of those horses 
are used in racing, dressage competition, or agricultural industries, in which they can function as 
a source of revenue for their owners. The same report estimates that the horse industry 
contributes nearly $102 billion to the United States gross domestic product. Horses are a 
commodity and relied upon as a source of income for humans around the globe. Horse owners 
invest countless time and money in caring for and training their horses to be primed for various 
tasks. The ubiquity of their existence in human society warrants a thorough understanding of the 
human-horse experience.  
Interestingly, as common a companion as they are to humans, it is often overlooked that 
horse is a prey animal. While many of our companion animals are predators, such as dogs and 
cats, the notion that horses are prey animals inherently creates an unusual dynamic for the 
human-horse relationship. This relationship is comprised of a predator-prey dyad and should be 
dutifully considered as we interact, train, and utilize horses; the sensory perception of the horse 
is primed for the detection and evasion of a predator (Saslow, 2002). It is possible for humans to 
unwittingly broadcast indicators of predation, thus inducing stress in the horse. Additionally, 
humans must be mindful that many of the tasks we ask horses to perform are unnatural to the 
animal, including racing, showjumping, or dressage competition. In order to better understand 
the potential for stress induction in the horse, we must be cognizant of the umwelt of the horse, 
including its sensory perception and social structure. 
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Horses are social animals that live in bands of 3-15 individuals, with multiple bands 
joining to form herds commonly as large as 100 members, and some reports of herds with up to 
1,200 individuals (Feh, 2005). Dominance hierarchies among members are linear and stable, and 
correlate with arrival into the group, age, and reproductive success, but not size or sex (Duncan, 
2012; Feh, 1990). When food and water sources are plentiful, herds will travel 15-30 km a day, 
but will travel farther if resources are scarce (Kane, 2011). Horses frequently live up to 30 years, 
with some reports of horses exceeding such age, and often form lifelong associations with 
individuals in their herd. Common social behaviors of the horse include mutual grooming (Wells 
& von Goldschmidt-Rothschild, 1979), and individuals can exhibit grooming preference for 
those they have strong affiliations with, usually 1 to 3 members of their band or herd (Feh, 
2005). Mutual grooming consists of facing each other and licking or teeth scratching along the 
neck, wither, and back of the other horse (Keiper, 1988). Horses are often seen standing parallel 
with head to tail, swishing their tails over each other. This mutual social behavior can provide 
shade, ward off flies, and offer enhanced predator detection to individuals in the herd. A study by 
Feh and de Mazieres (1993) showed that horses spend considerably more time grooming at the 
base of the neck and wither, as compared to time spent grooming at the top of the neck or the 
shoulder, indicating that this may be a preferred grooming site. The same study also 
demonstrated that the horse’s heart rate reduced more while being groomed at this preferred site 
than other sites on the neck and back. This implies that physical interaction in a social setting, 
such as grooming, can have a calming effect on a horse’s heart rate, and that horses rely on 
tactile sensitivity as a means of enhanced social interaction. 
 The haptic sensitivity of a horse has far reaching implications, not just for equid social 
dynamics, but the human-horse interaction as well. Using a von Frey filament test, the barrel of a 
horse appears to have more tactile sensitivity than the human fingertip (Saslow, 2002). 
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Considering that most of the horse tack and saddlery used in horseback riding is centric to the 
barrel of the horse, not to mention the position of the riders themselves, this level of tactile 
sensitivity provides valuable insight into the haptic experience of the horse. In addition, riders 
use their legs to give pressure signals along the barrel of the horse, occasionally using metal 
spurs or leather crops to apply additional pressure, as well.  
In addition to strong haptic sensitivity, horses also have an acute sense of smell. Equids 
have a large nasal cavity and the addition of the vomeronasal organ.  This additional sensory 
organ, which humans do not possess, assists with the detection of chemical secretions and 
“pheromones” that would normally go undetected by humans (Estes, 2009; Saslow, 2002). It is 
possible that horses are perceptive to hormones, pheromones, and other chemosensory indicators 
that humans cannot control the excretion of nor perceive. In addition to olfaction, horses can also 
detect auditory stimuli beyond the human range of perception. Horses have auditory perception 
up to approximately 33 kHz, well beyond the human range of auditory detection. As mentioned 
previously, horses are prey animals and are hunted in the wild by coyotes, cougars, and bears 
(Committee to Review the BLM Wild Horse and Burro Management Program, 2013). Horses 
often rely on auditory cues as a primary source for early predator detection (Saslow, 2002), and 
the detection of potential predatory sounds can cause a horse to startle or show signs of stress; 
meanwhile the stimulus may not have even been perceived by the human. 
Horses provide specific behavioral cues that are easily interpreted as being indicators of 
stressful or relaxed states. Some definitive signs of stress include ears pinned, raised tail, and a 
high curved neck; signs of relaxation include resting leg, swishing tail, low neck, or eating 
(Young, Creighton, Smith, & Hosie, 2012). Having the ability to detect the stress indicators of a 
horse is critical knowledge for humans in order to monitor and maintain a calm and humane 
training environment for the horse. 
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Furthermore, it is possible that the breed of a horse may contribute to the individual’s 
reaction to stimuli within its environment. Horses have been selectively bred into over 300 
various breeds based on physical and temperamental qualities. While the American Quarterhorse 
is described as “agile”, “kind”, and having an “easy disposition”, Brumbies are considered to be 
“rebellious, intractable, and tough” (Hendricks, 1995). Thoroughbreds have been bred for their 
high energy and reactiveness, making them perfectly suited for the high energy demands of 
horseracing; however, they may not be well-suited as a child’s pony. In a 2008 study by Lloyd, 
Marten, Bornett-Gauci, and Wilkinson, over 1,200 horse subjects across eight breeds were 
analyzed to confirm anecdotal references to breed-specific temperaments. Owners of the horses 
were given a Likert scale questionnaire that assessed various personality components of each 
subject. An analysis of the personality components for each subject revealed that not only did the 
breeds exhibit demonstrable differences in personality temperaments, but that those 
temperaments aligned with anecdotal breed standards. It is possible that some horse breeds may 
react differently to stressful stimuli or training methods based on a selectively bred 
predisposition.  
While there is a long established history of anecdotal knowledge for the best training 
method for a horse, there are several schools of thought currently in use today. Traditional 
Horsemanship (TH) primarily utilizes habituation in training a horse, and often relies on positive 
punishment and positive reinforcement, although negative reinforcement can occasionally be 
used (Goodwin, McGreevy, Waran, & McLean, 2009). Positive reinforcement can be in the form 
of a food reward or patting the horse on the neck while giving verbal praise, such as “good boy” 
or “good girl”.  Additionally, tools such as crops, elaborate bits, or spurs may be utilized to 
achieve the desired behavioral response. Natural Horsemanship (NH), sometimes referred to 
colloquially as “horse whispering”, is a method where the perceptual world of the horse, and thus 
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its sensitivity to it, is considered when interacting with the horse, creating a more sympathetic 
environment. NH was popularized in the 1970s after the American horse trainer, Monty Roberts, 
was invited to give a demonstration of his “natural” training methods to Queen Elizabeth II, an 
avid horse enthusiast. NH heavily utilizes negative reinforcement and occasionally positive 
reinforcement in training horses, rooted primarily in the desensitization to a novel stimulus. The 
positive reinforcement methods differ from those seen in TH and are designed to mimic 
rewarding or pleasurable social behaviors the horse would experience naturally in its herd. 
Rather than patting a horse and using verbal praise, NH trainers will gently “rub” the horse, 
using short soft strokes, similarly to the licking observed in mutual grooming between herd 
mates. The well-known NH trainer Pat Parelli popularized a tool called a “carrot stick and 
string”, which is approximately a 1 m long plastic pole with a 1.5 m long string of rope attached 
to it; it is used to gently swish over the horse’s body, similarly to the parallel standing seen in 
horses while they swish their tails over each other (Parelli, Kadash, Swan, & Parelli, 2003).  
As mentioned previously, Natural Horsemanship favors the use of desensitization in 
training, whereas Traditional Horsemanship often uses habituation. A study by Christensen, 
Rundgren, and Olsson (2006) examined the efficacy of habituation, desensitization, and counter-
conditioning via positive reinforcement in exposing a horse to a frightening stimulus, namely a 
plastic bag hidden in its feed box. The results showed that the most effective method to reduce 
the startle response in the horse was desensitization, followed by habituation, and counter-
conditioning, respectively. Furthermore, a study by Warren-Smith and McGreevy (2007) studied 
the use of negative reinforcement versus the concurrent usage of negative reinforcement and 
positive reinforcement on horses in training a horse to complete a novel task. Using heart rate 
and behavioral indicators of stress and relaxation, the study found that the concurrent usage of 
both positive and negative reinforcement was most effective in teaching the horse new reigning 
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methods of halting to a stop, while reducing the number of incidents of violent head shaking in 
defiance to the new task. Research has also indicated that experiences with positive 
reinforcement lead to long-term positive memories in horses (Sankey, Richard-Yris, Leroy, 
Henry, & Hausberger, 2010). The Sankey et al. (2010) study trained two groups of yearlings to 
stand still while the same experimenter performed a six-point handling exam, with one group 
being given positive reinforcement in the form of food, and the other group given no 
reinforcement at all. The yearlings were then retested at six and eight months post-training. The 
results indicated significantly shorter latency in the time it took for the positive reinforcement 
group to approach the experimenter from the prior training, as well as higher rates of positive 
behavior (i.e. sniffing or licking) with the previous experimenter. Those subjects in the control 
group showed much longer latency times to approach the previous experimenter and higher rates 
of negative behaviors such as biting or kicking.  This provides evidence that positive 
reinforcement of horses can lead to positive association with humans, even over long-term 
separation.  
Both NH and TH utilize positive reinforcement, and NH utilizes negative reinforcement 
as well. While there have been studies examining the efficacy of training methods in teaching 
novel tasks or habituating a horse to a novel stimulus, there has not been an examination of the 
physiological response of the reward itself. This study will examine the horse’s physiological 
reaction to various rewards, determining preferential response by evaluating key stress indicators 
across positive reinforcement in TH and NH, and negative reinforcement rewards. Reward 
systems in which the horse shows low signs of stress and rapid signs of relaxation after exercise 
will be considered a “preferred” method of reward. With knowledge of a horse’s preferred 
method of reward, training sessions and casual interactions with humans could prove to be more 
fruitful for the trainers and more pleasurable for the horse. With evidence that desensitization 
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and negative reinforcement, two methods employed by Natural Horsemanship, lead to faster 
learning of a novel task and reduction of the startle response, it is assumed that Natural 
Horsemanship methods will induce less stress in the horse and lead to more rapid rates of 
relaxation after athletic activity. By taking the tactile sensitivity and predation history of horses 
into account, it is expected that TH methods of patting may be interpreted by the horse as a 
punishment, rather than a reward, thus inducing stress. It is expected that the positive 
reinforcement method of patting used in TH will result in longer latency to achieve RHR and 
higher stress indices than the NH or negative reinforcement conditions. It is also expected that 
horses will show preference for NH methods regardless of the training school in which the horse 
was started. Utilizing rewards that invoke lower stress levels, thus reducing potential flight 
response, will foster a more conducive and effective environment for a horse to learn. 
Methods 
Subjects 
Our study commenced with 21 domestic horses (Equus caballus), but six were unable to 
complete all phases of the study due to time constraints and were removed from the analysis. The 
study was completed on 15 subjects that successfully participated in all trials. All subjects came 
from the same farm near Tamworth, Australia and lived in a grass-fed, free-range environment, 
except when participating in the study (4 h per day). All subjects had extensive riding experience 
and had been exposed to the lunging techniques and reward conditions used in the study, as well 
as the corral location where data were collected.  
 The group was comprised of geldings (n=8) and mares (n=7) of varying age, sex, and 
breed. See Table 1 for demographic information of all subjects. The table also indicates whether 
the horses were started in a feral, natural horsemanship, or traditional horsemanship 
environment. Stallions were not used due to safety constraints of working with a breeding male. 
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Juveniles were not used due to their lack of familiarity with the lunging technique and reward 
conditions used.  
Materials 
 The subjects’ heart rate was monitored using a Polar Equine Inzone heart rate monitor, 
with a Polar FT1 training computer watch and T52H coded sensor. The heart rate monitor was 
harnessed to the subjects' bodies using a leather saddle girth strap that all subjects had been 
exposed to previously (See Appendices A and B for photos of the heart rate monitor setup). The 
subject's heart rate was transmitted in real time to the watch, thus requiring no physical contact 
between the researcher and the subject in order to collect heart rate data. A Pat Parelli carrot stick 
and string (122 cm fiberglass pole with a 167 cm braided rope) was used for one of the NH 
conditions. The behavior of subjects and their respective heart rates were recorded verbally using 
the Voice Memos application on an Apple iPhone 6 Model MG4X2LL/A. An ethogram was 
established to categorize stress and relaxation behaviors of the subjects (Appendix C). The 
ethogram was based on the behaviors detailed in the 2012 study by Young et al., but rather than 
categorizing behaviors as low or high stress as done in the 2012 study, all stress-related 
behaviors were considered to be “stress” in this study, regardless of low or high stress. Data were 
transcribed from the voice memos in accordance with the ethogram. Data were analyzed using 
IBM SPSS Statistics 23, and all associated tables, graphs, and figures were produced in 
Microsoft Excel 2007. 
Procedure 
The 15 subjects were exposed to four reward conditions, with each trial consisting of 
three-phases. The presentation of the conditions was counter-balanced to avoid order effects, and 
subjects were assigned to one of four counter-balancing orders (Table 2) by selecting the names 
of subjects randomly from a hat. For the purpose of time availability, the entire study was split 
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into two groups, with 8 subjects in Group One and 7 subjects in Group Two. Group One was 
analyzed over days 1-4, and Group Two was analyzed over days 5-8. Each day, the subjects for 
that respective day were collected from the free-range pasture at approximately 8:00 a.m. and 
were led to a corral (25 m x 30 m) approximately 500 m away and tied to posts with a long halter 
and lead rope (2-3 m). They were then individually brought into an adjacent and connected round 
pen (10 m x 10 m) where they were tied to a post while fitted with the heart rate monitor and 
girth strap. Their horse mates were visible to them but not within physical distance 
(approximately 10-15 m away). They were then exposed to a three-phase trial, after which they 
were escorted out of the round pen and back to the main corral. Each of the four conditions was 
presented on four consecutive days, and the order in which horses were tested was counter-
balanced as well, to prevent order effects.  
Phase I - Baseline heart rate  
The collection of baseline heart rate took place before each trial while the subject was at 
rest. Each horse was led into the adjacent round pen, as mentioned above, and were allowed to 
rest for 1 min before data collection began. The resting heart rate was then monitored for 1 min 
via the training computer watch, and the average for this 1-min period was used as the resting 
heart rate for that trial.  
Phase II – Elevated heart rate 
Once baseline heart rate was established, each subject was lunged "at liberty", meaning 
without a lead rope, for 90 s around the round pen at a trot in order to elevate the heart rate. 
Lunging a horse is an ubiquitous method for training and exercising a horse and is universal 
across training techniques; all subjects had been exposed to this exercise before. The subject and 
researcher were alone in the round yard, and once the horse completed the lunging phase, the 
researcher allowed the horse to stop and collected the maximum heart rate during this elevation 
REWARD PREFERENCES IN HORSES  12 
 
phase.  
Phase III – Stimulus condition 
The researcher exposed each subject to one of four stimulus conditions on consecutive 
days. Each stimulus condition was presented for 2 min while monitoring the horse's heart rate at 
30 s intervals to establish the time it took to reach latency to resting heart rate (RHR). After the 
2-min period, the presentation of the stimulus was terminated, but the heart rate monitoring 
continued until latency to RHR was reached. Once latency was reached, the trial was concluded. 
Due to time constraints, all trials were termed at 6 min, even if latency to RHR was not reached.   
The four conditions used were patting and verbal praise (TH), rubbing (NH), carrot stick 
and string (NH), or no reward (Control). Patting and verbal praise is similar to the way in 
which one pats someone on the back and says things like "good boy" or "good girl". Rubbing is a 
continuous circular or lateral motion on the horse’s skin without the impact of patting. The 
carrot stick and string involves using a thin length of rope to gently mimic the swishing of a tail 
over the horse’s skin, in which no direct contact between human and horse is made. No reward is 
allowing the horse to stop with no physical or verbal interaction between human and horse, and 
is a form of negative reinforcement. Measurements of heart rate and latency to RHR were taken 
for each subject at 30 s intervals, while also monitoring the appearance of physical signs of 
relaxation or stress.  The horse’s preference for any one of these rewards was determined by 
examining the latency to achieve resting heart rate and the frequency of stress or relaxation 
behaviors. Whereas cortisol has been employed as a method for determining stress in many 
investigations, the investigator was restricted in the use of cortisol assays by the subjects' 
owners. 
Results 
The resting heart rate, maximum heart rate, latency to achieve RHR, and incidents of 
REWARD PREFERENCES IN HORSES  13 
 
stress and relaxation were calculated for each subject across all conditions (Tables 3-6).  Not all 
subjects returned to RHR during the 6-min trial, so the proportionate return to RHR was 
calculated for all subjects across conditions (Tables 7-10). A stress index (SI) was calculated for 
each subject across conditions by dividing the total incidents of stress by the total incidents of 
relaxation (Table 11), and further parsed by examining the SI during the 2-min stimulus period 
and each 2-min increment that followed (Table 12-15).  
While there was no significant difference in the proportionate return to RHR, F(3,42) = 
0.353, p = 0.787, the data indicate that the TH condition of patting showed the lowest 
proportionate return to RHR (M = 0.949) than the other conditions (Figure 1). A Friedman test 
was used to compare the latency to RHR data between the TH condition of patting and the NH 
conditions of rubbing and carrot stick, and the data did not indicate a significant effect, χ2(2) = 
3.792, p = 0.150. However, one-tailed sign tests were used to follow up the comparison of 
latency to achieve RHR between the NH conditions of rubbing and carrot stick to the TH 
condition of patting. The results were trending in the direction of our hypothesis indicating that 
the latency to achieve resting HR occurred faster during the rubbing condition (p = 0.113) versus 
patting, and faster during the carrot stick condition (p = 0.073) versus patting.   
A repeated measures ANOVA with sphericity assumed determined that there was a 
significant difference in the overall SI of the subjects between conditions, F(3,42) = 22.265, p < 
0.001. Post-hoc tests using the Bonferroni correction revealed that the stress index of subjects 
under the patting condition was significantly higher than the no reward (0.923 vs. 0.362), 
rubbing (0.923 vs. 0.306), and carrot stick and string (0.923 vs. 0.327) conditions. The lowest 
stress index was found in the rubbing condition (M = 0.306). See Figure 2 for a comparison of 
the mean total stress index across conditions. 
After parsing out the 2-min presentation of the stimulus from the 4-min rest period that 
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followed, a repeated measures ANOVA with a Greenhouse-Geisser correction found significant 
differences between the SI during the stimulus presentation of each condition, F(1.7,23.806) = 
27.838, p < 0.001. Post-hoc tests using the Bonferroni correction indicated that the SI under the 
patting stimulus was significantly higher than the no reward (1.691 vs. 0.475), rubbing (1.691 
vs. 0.428), and carrot stick and string (1.691 vs. 0.383) stimuli. The carrot stick and string 
condition revealed the lowest SI during the stimulus presentation, (M = 0.383). Figure 3 depicts 
a comparison of the SI during the 2 min stimulus presentation and the 4-min post-stimulus period 
for all subjects across conditions.  
A repeated measures ANOVA with sphericity assumed analyzed the SI during the 4-min 
rest period after the stimulus presentation and showed no significant difference between 
conditions, F(3,18) = 0.60, p = 0.980. It is important to note that some subjects reached latency 
to RHR before the 6-min trial cutoff, and therefore there is not an SI for every subject during the 
4-min rest period of the trial. There were not enough data to conduct a repeated measures 
ANOVA between the 2-min stimulus presentation and 4-min rest period for each condition.  
There was no significant difference in the overall SI based on the environment in which 
the subject was raised, F(6,36) = 1.045, p = 0.413, or the sex of the subject, F(3,39) = 1.944, p = 
0.138; however, the overall SI was highest under the patting condition for the subjects raised in a 
NH environment (M = 0.799) and the subjects raised in a TH environment (M = 1.034). The 
lowest overall SI for those raised in NH was under the carrot stick and string condition (M = 
0.260), and under the rubbing condition for those raised in TH (M = 0.297) and feral 
environment (M = 0.238).  
There were not enough subjects representing each breed to conduct breed comparison for 
latency to RHR or stress index across conditions. Data on when subjects began to eat were 
collected, but not enough subjects ate during the 6-min trial to conduct analysis of the data. 
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Discussion 
 The results of this study support the hypothesis that negative reinforcement and Natural 
Horsemanship methods of positive reinforcement impose lower levels of stress and more rapid 
rates of relaxation than Traditional Horsemanship methods of positive reinforcement. The 
analysis of the stress index across conditions showed significantly higher levels of stress under 
the TH condition. While not significant, the TH method revealed lower rates of proportionate 
return to RHR and latency to RHR, indicating that the horse was in a heightened or alert state for 
longer periods of time during the TH condition. These results also demonstrate that preference 
for reward is not correlated with the training method in which the horse was raised. Our subjects 
included those raised in NH, TH, and feral environments, but the results indicate that the horse’s 
historical familiarity with any one training method did not affect the rates of stress or relaxation.    
 The evidence that the negative reinforcement condition of no reward showed a 
significantly lower stress index and latency to RHR than the TH condition support and expand 
upon the findings by Christensen et al. (2006), in which horses desensitized to a frightening 
stimulus faster under the negative reinforcement condition than positive reinforcement or 
counter-conditioning. The use of negative reinforcement should be strongly considered, over 
positive reinforcement or counter-conditioning, as the primary method for introducing a horse to 
novel stimuli due to both the ability to habituate faster and the low level of stress induced during 
negative reinforcement. Riders and trainers must be precise in the application of negative 
reinforcement, however; the use of negative reinforcement is reliant upon the human removing 
the stimulus at a specific time in order to enforce the desired response with the horse. Delay or 
preemptive removal of the stimulus can lead to confusion and even inaccurate association with 
micromomentary gestures given by the human. 
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 The use of NH methods such as rubbing and carrot stick and string mimic the natural 
methods observed in mutual grooming between horses (Wells & von Goldschmidt-Rothschild, 
1979), namely licking and tail swishing during grooming bouts. With the knowledge that horses 
form close, life-long relationships with a select few members of the band or herd and 
subsequently favor mutual grooming with those individuals (Feh, 2005), the utilization of these 
reward methods not only provide a low-stress environment for the horse to learn new tasks, but 
could potentially induce a stronger human-horse bond as these methods are applied over time. 
Owners and trainers should consider these NH methods to be effective training methods, as well 
as a fruitful activity to promote the social bond with their horse. 
 As discussed earlier, Natural Horsemanship utilizes a blend of positive and negative 
reinforcement, while Traditional Horsemanship is a blend of positive reinforcement and 
punishment (Goodwin et al., 2009); considering that horses are a prey animal, they have an 
astute sensitivity to harm or threat. The high stress levels and long latency to RHR times seen in 
the TH condition of patting support the argument that physically slapping the horse could be 
interpreted more as an act of harm rather than reward. As confirmed by Warren-Smith and 
McGreevy (2007), the use of both positive reinforcement and negative reinforcement was the 
most effective method for teaching a horse a novel task. When these data are used in conjunction 
with the results of the current study, they confirm that the most effective, and least stressful, 
method of training a horse is through the utilization of the positive reinforcement methods used 
in Natural Horsemanship and negative reinforcement. The use of positive punishment should be 
prudently considered as it could induce a flight response from the horse, creating a fear to the 
stimulus used, and eventually leading to learned helplessness when the animal is unable to avoid 
the stimulus or situation again.  
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 The data also indicate that there was no correlation in achieving latency to RHR based on 
the sex of the subject or the training environment in which it the subject was raised. This 
provides a convincing argument as to the universality of the effects of NH and TH methods. 
Some horse owners and trainers may argue that a horse is most comfortable with the methods 
used to train the horse originally; however, the subjects in the current study did not all derive 
from the same training schools or methods, but responded similarly to the various conditions. 
This provides a convincing argument for horse owners and trainers to consider the efficacy of 
introducing NH methods to provide a calmer environment for the horse, regardless of its training 
origins. 
 The stress index results, which substantiate the stress inducing characteristics of TH 
methods, highlight valuable considerations for horse owners and trainers.  The results of this 
study confirm that horses exhibited significantly higher levels of stress during the TH reward 
stimuli, but that the results in the post-stimuli presentation were not significantly different across 
conditions. This places the onus on riders and trainers to remain attentive to the physical 
indicators of stress in their horses. Horses can rapidly shift between states of stress and 
relaxation, and while a horse may not be considered to be in a state of stress over the course of a 
riding or training session, it is possible that certain aspects of the session are significantly stress 
inducing. Riders and trainers should become fluent in the physical indicators of stress and 
relaxation in horses and remain acutely aware of the correlation between those indicators and the 
physical stimuli being applied at the time of behavioral expression. As noted by Saslow (2002), 
there are many sensory attributes that can be perceived by a horse and not a human, including 
auditory, haptic, and olfactory stimuli. The addition of the vomeronasal organ could lead to 
detection of stress hormones that humans are secreting, without the human being cognizant or in 
control of such secretion. Horses could perceive humans as a predator that is secreting stress 
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hormones, and the trainer or rider must be vigilant of such inadvertent cues while monitoring the 
stress of the animal. 
In addition, heart rate is not an observable index for recognizing stress unless an equine 
heart rate monitor is being used. It is possible for horses to exhibit learned helplessness, in which 
they are subject to stress or trauma, but may not exhibit the fight or flight response typically 
associated with stress in a prey animal. It may behoove riders and trainers to invest in such a tool 
to familiarize themselves with trends in their horses’ latency to achieve RHR.  
 As mentioned previously, horses have been selectively bred based on physical and 
temperamental traits to prime them for specific purposes. Due to the limited number of subjects 
per breed in the current study, a thorough breed comparison of latency to achieve RHR and stress 
indices was not possible. Future research could expand upon the confirmation of breed 
temperament differences by Lloyd et al. (2008) and repeat these measures with an adequate 
distribution of subjects across breeds to conduct a thorough comparison of breed responsiveness 
to the NH, TH, and negative reinforcement reward systems. A discovery of breed-specific 
preference for reward could provide a simple and identifiable framework to select appropriate 
training methods for horses. 
 Other future research could include an analysis of individual personality dimensions of 
the subjects and the effect of such dimensions on rewards preferences. Whereas there are breed 
standard characteristics for temperament, it is still possible for individuals to express behavior in 
one personality dimension over another, and this may affect the reward preference. A study on 
horse personality revealed that horses can be assessed on individual personality dimensions, 
similarly to the Big Five dimensions for humans, comprised of Agreeableness, Neuroticism, 
Extroversion, Gregariousness towards Horses, and Gregariousness towards People (Ijichi, 
Collins, Creighton, & Elwood, 2013). Owners were asked to complete a survey for each of their 
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horses, comprised of a Likert scale item list assessing the horse’s inclination to certain 
behavioral traits, as well as their reaction to various scenarios. These responses were analyzed 
and the subjects were categorized into one of the five dimensions. It is possible that beyond the 
breed standard characteristics, there could be between-individual differences in personality as 
well.  An expansion of this study to discover reward preferences and potential correlation to 
individual personality dimensions could provide an innovative and subjective method for owners 
to identify reward preferences of their horses based on personality. 
Due to restrictions on the use of cortisol, future investigations could incorporate salivary 
or blood cortisol assays to determine stress levels in horses during reward system comparisons. 
A study on stress in New York City carriage horses used both salivary cortisol concentrations 
and fecal glucocorticoid assays to examine cortisol levels in horses (Mercer-Bowyer, Kersey, & 
Bertone, 2017). Fecal samples showed no significant differences between pastured and working 
groups of horses, but salivary concentrations of cortisol indicated significant differences between 
pre-work and post-work periods. The efficacy of these non-invasive cortisol collection methods 
would be ideal in an expansion upon the current study, so as not to induce stress in the subjects. 
There are some considerations to be made regarding the proportionate return to resting 
heart rate. A study by Bouthcer and Landers (1988) compared heart rate variability in runners 
versus non-runners after athletic activity. Runners showed lower resting heart rates, maximum 
heart rates, and a more rapid return to resting heart rate than the non-runners. The rates of 
physical activity for the subjects in the current study were not recorded, and while the subjects 
reportedly had comparable levels of activity, an expansion upon this study could account for the 
athletic activity of the subject in the proportionate return to RHR. 
 In summary, the results of this study demonstrate a significant difference between the 
stress inducing effects of Natural Horsemanship, Traditional Horsemanship, and negative 
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reinforcement methods, and thereby the reward preference of domestic horses. Horses calmed 
faster and depicted lower stress index scores during Natural Horsemanship stimuli. Regardless of 
the training method in which a horse was raised, horses took longer to achieve latency to RHR 
and indicated higher stress indices during the use of the Traditional Horsemanship reward. Horse 
owners and trainers should consider the use of Natural Horsemanship or negative reinforcement 
methods in training their horses, regardless of the training used to start the horse. Using the 
horse’s preferred method of reward will curate a more humane experience for the horse, and a 
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Breed Training Environment 
Apache M 12 Appaloosa NH 
Billy M 9 Australian Stock Horse NH 
Brooks M 8 Quarterhorse TH 
Lightning M 10 Appaloosa NH 
Matrix F 16 Thoroughbred TH 
Nugget M 15 Brumby Ferala 
Rod M 13 Thoroughbred TH 
Sheoak F 9 Australian Stock Horse NH 
Snoopy M 14 Thoroughbred TH 
Spook F 16 Australian Stock Horse TH 
Steele F 14 Quarterhorse TH 
Swappe F 15 Thoroughbred TH 
Tonka F 14 Quarterhorse TH 
Two Socks M 7 Australian Stock Horse TH 
Yoca F 7 Australian Stock Horse NH 
 
 
Note. TH = Traditional Horsemanship; NH = Natural Horsemanship; Feral = Captured in the 
wild as an adult. Training environment indicates the training school with which the horse was 








Order of Condition Presentation for Counter-Balancing  
 
 
Group 1st Condition 2nd Condition 3rd Condition 4th Condition 
One No Reward Patting Rubbing Carrot Stick 
Two Rubbing No Reward Carrot Stick Patting 
Three Carrot  Stick Rubbing Patting No Reward 
Four Patting Carrot Stick No Reward Rubbing 
 
Note. The subjects names were pulled out of a hat and paired with a counter-balance group, with 
no more than four subjects per group.  




Descriptives of Resting Heart Rate, Maximum Heart Rate, Latency to Achieve RHR, and 
Incidents of Observed Stress and Relaxation During the No Reward Condition 
 





Total Incidents of 
Relaxation 
Apache 41 135 360
a 4 8 
Billy 37 93 53 3 9 
Brooks 39 138 360a 9 17 
Lightning 45 106 155 3 13 
Matrix 43 133 279 6 23 
Nugget 34 140 360a 5 19 
Rod 35 96 360a 10 15 
Sheoak 35 118 360a 5 22 
Snoopy 35 129 148 4 13 
Spook 38 111 208 2 9 
Steele 38 113 158 3 9 
Swappe 38 119 360a 1 12 
Tonka 33 110 360a 4 12 
Two Socks 55 159 185 4 6 
Yoca 40 109 315 4 11 
 
 
Note. Resting heart rate (RHR) and max heart rate (HR) are calculated in beats per minute, while 
total incidents of stress and relaxation are individual observations counted. a Indicates the subject 
did not achieve latency to RHR during the 6-min trial.  




Descriptives of Resting Heart Rate (RHR), Maximum Heart Rate, Latency to Achieve RHR, and 
Incidents of Observed Stress and Relaxation During the Rubbing Condition 
 





Total Incidents of 
Relaxation 
Apache 40 123 178 1 13 
Billy 38 86 65 3 7 
Brooks 39 176 360a 3 10 
Lightning 42 138 284 8 31 
Matrix 36 146 90 4 7 
Nugget 36 145 360a 5 21 
Rod 35 102 149 1 8 
Sheoak 36 108 360a 4 22 
Snoopy 34 108 360a 4 13 
Spook 36 93 360a 5 14 
Steele 43 127 60 2 6 
Swappe 43 122 315 8 20 
Tonka 40 108 100 1 8 
Two Socks 47 124 55 1 5 
Yoca 38 127 243 8 12 
 
 
Note. Resting heart rate (RHR) and max heart rate (HR) are calculated in beats per minute, while 
total incidents of stress and relaxation are individual observations counted. a Indicates the subject 
did not achieve latency to RHR during the 6-min trial.  




Descriptives of Resting Heart Rate (RHR), Maximum Heart Rate, Latency to Achieve RHR, and 
Incidents of Observed Stress and Relaxation During the Patting Condition 
 





Total Incidents of 
Relaxation 
Apache 41 120 360
a 15 15 
Billy 37 120 360a 16 13 
Brooks 39 133 168 7 9 
Lightning 45 119 360a 10 18 
Matrix 43 89 360a 10 16 
Nugget 34 110 360a 6 12 
Rod 35 132 230 11 12 
Sheoak 35 178 360a 11 18 
Snoopy 35 139 360a 9 15 
Spook 38 192 360a 14 12 
Steele 38 142 62 4 4 
Swappe 38 105 144 13 9 
Tonka 33 142 80 5 3 
Two Socks 55 106 270 13 13 
Yoca 40 106 282 15 25 
 
 
Note. Resting heart rate (RHR) and max heart rate (HR) are calculated in beats per minute, while 
total incidents of stress and relaxation are individual observations counted. a Indicates the subject 
did not achieve latency to RHR during the 6-min trial.  




Descriptives of Resting Heart Rate (RHR), Maximum Heart Rate, Latency to Achieve RHR, and 
Incidents of Observed Stress and Relaxation During the Carrot Stick Condition 
 





Total Incidents of 
Relaxation 
Apache 40 112 226 3 14 
Billy 49 127 72 4 8 
Brooks 38 130 360a 6 22 
Lightning 38 92 360a 5 26 
Matrix 34 83 83 3 8 
Nugget 36 141 192 5 8 
Rod 38 102 111 1 7 
Sheoak 40 135 360a 5 17 
Snoopy 36 127 168 4 10 
Spook 37 107 360a 7 11 
Steele 40 167 308 6 15 
Swappe 39 123 106 1 7 
Tonka 35 120 360a 3 16 
Two Socks 42 120 161 4 10 
Yoca 41 113 118 1 9 
 
 
Note. Resting heart rate (RHR) and max heart rate (HR) are calculated in beats per minute, while 
total incidents of stress and relaxation are individual observations counted. a Indicates the subject 
did not achieve latency to RHR during the 6-min trial.  
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Table 7 














Return to RHR 
Apache 41 135 46 No 0.947 
Billy 37 93 37 Yes 1 
Brooks 39 138 42 No 0.970 
Lightning 45 106 45 Yes 1 
Matrix 43 133 43 Yes 1 
Nugget 34 140 40 No 0.943 
Rod 35 96 41 No 0.902 
Sheoak 35 118 42 No 0.916 
Snoopy 35 129 35 Yes 1 
Spook 38 111 38 Yes 1 
Steele 38 113 38 Yes 1 
Swappe 38 119 42 Yes 0.951 
Tonka 33 110 43 No 0.870 
Two Socks 55 159 55 Yes 1 
Yoca 40 109 40 Yes 1 
 
Note:  Proportionate return to resting heart rate scores of 1 indicate the subject returned to RHR 
during the 6-min trial. For those that did not reach RHR during the trial, the proportionate return 






























Apache 40 123 40 Yes 1 
Billy 38 86 38 Yes 1 
Brooks 39 176 69 No 0.781 
Lightning 42 138 42 Yes 1 
Matrix 36 146 36 Yes 1 
Nugget 36 145 39 No 0.972 
Rod 35 102 35 Yes 1 
Sheoak 36 108 43 No 0.903 
Snoopy 34 108 36 Yes 0.973 
Spook 36 93 44 No 0.860 
Steele 43 127 43 Yes 1 
Swappe 43 122 43 Yes 1 
Tonka 40 108 40 Yes 1 
Two Socks 47 124 47 Yes 1 
Yoca 38 127 38 Yes 1 
 
Note: Proportionate return to resting heart rate scores of 1 indicate the subject returned to RHR 
during the 6-min trial. For those that did not reach RHR during the trial, the proportionate return 
to RHR was calculated using the maximum HR and the HR at the termination of the trial. 
  
















Return to RHR 
Apache 42 120 55 No 0.833 
Billy 46 120 61 No 0.797 
Brooks 47 133 47 Yes 1 
Lightning 38 119 46 No 0.901 
Matrix 30 89 37 No 0.881 
Nugget 38 110 40 No 0.972 
Rod 38 132 38 Yes 1 
Sheoak 38 178 47 No 0.936 
Snoopy 34 139 41 No 0.933 
Spook 40 192 41 No 0.993 
Steele 46 142 46 Yes 1 
Swappe 41 105 41 Yes 1 
Tonka 43 142 43 Yes 1 
Two Socks 44 106 44 Yes 1 
Yoca 40 106 40 Yes 1 
 
Note: Proportionate return to resting heart rate scores of 1 indicate the subject returned to RHR 
during the 6-min trial. For those that did not reach RHR during the trial, the proportionate return 
to RHR was calculated using the maximum HR and the HR at the termination of the trial. 
  



















Apache 40 112 40 Yes 1 
Billy 49 127 49 Yes 1 
Brooks 38 130 47 No 0.902 
Lightning 38 92 47 No 0.833 
Matrix 34 83 34 Yes 1 
Nugget 36 141 36 Yes 1 
Rod 38 102 38 Yes 1 
Sheoak 40 135 43 No 0.968 
Snoopy 36 127 36 Yes 1 
Spook 37 107 39 No 0.971 
Steele 40 167 40 Yes 1 
Swappe 39 123 39 Yes 1 
Tonka 35 120 45 No 0.882 
Two Socks 42 120 42 Yes 1 
Yoca 41 113 41 Yes 1 
 
Note: Proportionate return to resting heart rate scores of 1 indicate the subject returned to RHR 
during the 6-min trial. For those that did not reach RHR during the trial, the proportionate return 
to RHR was calculated using the maximum HR and the HR at the termination of the trial. 
  
















Apache 0.500 0.077 1.000 0.077 
Billy 0.333 0.429 1.231a 0.348 
Brooks 0.529 0.300 0.778 0.386 
Lightning 0.231 0.258 0.556 0.465 
Matrix 0.261 0.571 0.625 0.914 
Nugget 0.263 0.238 0.500 0.476 
Rod 0.667 0.125 0.917 0.136 
Sheoak 0.227 0.182 0.611 0.298 
Snoopy 0.308 0.308 0.600 0.513 
Spook 0.222 0.357 1.167a 0.306 
Steele 0.333 0.333 1.000 0.333 
Swappe 0.071 0.353 1.444a 0.200 
Tonka 0.333 0.125 1.667a 0.075 
Two Socks 0.667 0.200 1.000a 0.200 
Yoca 0.364 0.667 0.600 1.111a 
 
 
Note. SI is calculated by dividing the total incidents of observed stress by total incidents of 
observed relaxation. Index numbers that are over 1 indicate the subject was in a state of stress, 
























Apache 0.500 0.000 1.000 
Billy 0.333 - - 
Brooks 0.667 0.429 0.000 
Lightning 0.154 1.000 - 
Matrix 0.200 0.429 0.000 
Nugget 0.273 0.000 1.000 
Rod 0.556 1.000 1.000 
Sheoak 0.300 0.400 0.000 
Snoopy 0.333 0.000 - 
Spook 0.286 0.000 - 
Steele 0.375 0.000 - 
Swappe 0.100 0.000 0.000 
Tonka 0.556 0.000 0.000 
Two Socks 2.000 0.400 - 
Yoca 0.500 1.000 0.000 
 
 
Note. SI is calculated by dividing the total incidents of observed stress by total incidents of 
observed relaxation. Index numbers that are over 1 indicate the subject was in a state of stress, 
while numbers below 1 indicate the subject was in a state of relaxation. If no index has been 
calculated, it indicates that the trial was terminated because the subject had reached latency to 
RHR, and therefore no stress data was collected. a Stressful state.  
  




Stress Index (SI) in 2-min Increments for Each Subject in during the 6-min Rubbing Condition 
 
Subject 0-2 min 2-4 min 4-6 min 
Apache 0.833 0.000 - 
Billy 0.419 - - 
Brooks 0.167 0.000 0.667 
Lightning 0.500 0.000 0.000 
Matrix 0.571 - - 
Nugget 0.444 0.125 0.000 
Rod 0.125 - - 
Sheoak 0.300 0.000 0.167 
Snoopy 0.667 0.000 0.000 
Spook 0.400 0.500 0.000 
Steele 0.333 - - 
Swappe 0.500 0.333 0.000 
Tonka 0.125 - - 
Two Socks 0.200 - - 
Yoca 0.833 0.600 - 
 
 
Note. SI is calculated by dividing the total incidents of observed stress by total incidents of 
observed relaxation. Index numbers that are over 1 indicate the subject was in a state of stress, 
while numbers below 1 indicate the subject was in a state of relaxation. If no index has been 
calculated, it indicates that the trial was terminated because the subject had reached latency to 
RHR, and therefore no stress data was collected. a Stressful state.  
  




Stress Index (SI) in 2-min Increments for Each Subject in during the 6-min Patting Condition 
 
Subject 0-2 min 2-4 min 4-6 min 
Apache 2.667a 0.375 1.000 
Billy 0.889 1.000 5.000a 
Brooks 1.750a 0.000 - 
Lightning 0.778 0.333 - 
Matrix 0.889 0.333 0.000 
Nugget 2.000a 0.000 0.000 
Rod 1.288a 0.400 - 
Sheoak 1.375a 0.000 0.000 
Snoopy 2.667a 0.125 0.000 
Spook 2.500a 1.000 0.000 
Steele 1.000 - - 
Swappe 1.375a 2.000a - 
Tonka 1.667a - - 
Two Socks 3.667a 0.500 0.000 
Yoca 0.846 0.444 0.000 
 
 
Note. SI is calculated by dividing the total incidents of observed stress by total incidents of 
observed relaxation. Index numbers that are over 1 indicate the subject was in a state of stress, 
while numbers below 1 indicate the subject was in a state of relaxation. If no index has been 
calculated, it indicates that the trial was terminated because the subject had reached latency to 
RHR, and therefore no stress data was collected. a Stressful state.  
  




Stress Index (SI) in 2-min Increments for Each Subject in during the 6-min Carrot Stick 
Condition 
 
Subject 0-2 min 2-4 min 4-6 min 
Apache 0.300 0.000 - 
Billy 0.500 - - 
Brooks 0.429 0.000 - 
Lightning 0.222 0.375 0.000 
Matrix 0.375 - - 
Nugget 0.400 1.000 - 
Rod 0.143 - - 
Sheoak 0.429 0.000 1.000 
Snoopy 0.333 1.000 - 
Spook 0.800 0.333 0.667 
Steele 0.571 0.500 0.000 
Swappe 0.200 - - 
Tonka 0.500 0.000 0.000 
Two Socks 0.444 0.000 - 
Yoca 0.100 - - 
 
 
Note. SI is calculated by dividing the total incidents of observed stress by total incidents of 
observed relaxation. Index numbers that are over 1 indicate the subject was in a state of stress, 
while numbers below 1 indicate the subject was in a state of relaxation. If no index has been 
calculated, it indicates that the trial was terminated because the subject had reached latency to 
RHR, and therefore no stress data was collected. a Stressful state.  
  



















Figure 1. There was no significant difference in mean proportionate return to RHR 
between conditions, F(3,42) = 0.353, p = 0.787. However, the data show that subjects 
reached RHR proportionately lower during the Traditional Horsemanship patting 
condition (M = 0.949), in comparison to the Natural Horsemanship rubbing (M = 0.965) 
and carrot stick (M = 0.970) conditions, and the no reward condition (M = 0.966). Error 







































































Figure 2. Stress Index (SI) for all subjects across conditions, ranked by mean latency. SI is 
calculated by dividing the total incidents of stress by the total incidents of relaxation during a 
given period. SI scores above 1 are considered to be in a state of stress. There was a significant 
difference in the SI between conditions, F(3,42) = 22.265, p < 0.001, with subjects exhibiting a 
higher SI during the patting condition. 




















































Figure 3. A comparison of Mean Stress Index (SI) scores between the stimulus period and post-
stimulus period across all conditions.  An SI score above 1.0 is considered to be a state of stress. 
The stimulus period was 2 min long, while the post-stimulus period was the 4 min rest period 
after the stimulus was presented. Because some subjects reached latency before the 6-min trial 
was concluded, there are not data for all subjects during the entire 4-min rest period. There was a 
significant difference in the SI between conditions,  F(1.7,23.806) = 27.838, p < 0.001, with the 








































Behavior Description Behavior Type 
High neck  The horse carrying the neck high so the 
head is above the wither. 
Stress 
Arched neck The horse carrying their neck so high they 
have an arch in their neck. 
Stress 
Flaring nostrils As described. Stress 
Raised tail As described. Stress 
Tucked tail As described. Stress 
Biting The horse attempts or succeeds at biting the 
researcher. 
Stress 
Kicking The horse attempts or succeeds at kicking 
the researcher. 
Stress 
Evasion/Escape The horse attempts to flee the researcher or 
the corral. 
Stress 
Head Shaking Aggressive nodding or shaking of the head, 
without being induced by outside stimulus 
such as flies or irritation. 
Stress 
Low neck  The horse carrying the neck low so the head 
is below the wither. 
Relaxation 
Droopy or closed eyes As described. Relaxation 
Loose, hanging lips As described. Relaxation 
Licking and chewing The horse will move their tongue around 
their mouth and lips—similar to “chewing 
the cud” in cows. 
Relaxation 
Eating As described. Relaxation 
Swishing tail As described. Relaxation 
Resting leg The horse will cock one of its legs so it is 
resting the tip of its hoof on the ground. 
Relaxation 
 
